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(54) Interconnect lines for integrated circuits 

(57) In a process for fabricating an integrated circuit <IC> which includes a plurality of devices coupled 
together by a system of metal interconnects, a method of forming said system above the surface of a 
semiconductor substrate comprising the steps of: 

(a) forming a plurality of conductive pedestals (102) on said surface of said substrate, a first portion 
of said pedestals forming electrical contacts to said devices, said pedestals being formed to a predetermined 
height such that the top surface of said pedestals is higher than any feature of said substrate; 

(b) depositing a first layer of polyimide over said substrate to a thickness which is sufficient to cover 
said pedestals; 

(c) anisotropically etching said first polyimide layer until the upper surface of said first polyimide 
layer is roughly coplanar with said top surface of said pedestals; and 

(d) forming a first set of metal interconnect lines (108) over said first polyimide layer, thereby 
electrically coupling selected ones of said pedestals. 

To reduce parasitic capacitance the polyimide layer is etched away to form a system of air-bridge 



interconnects. 
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BICMOS PROCESS UTILIZING NOVEL PL AMARTZ ATfON 

TECHNIQUE 

ptFt n OE THF INVENTION 

5 

The present invention relates to processes for simultaneously 
fabricating bipolar and complimentary field-effect transistors In a 
semiconductor substrate. 

10 BACKGROUND OF THE INVENTION 

In recent years much effort has been directed toward perfecting a 
method of integrating bipolar and complimentary metal oxide semiconductor 
(CMOS) technologies on a single wafer. The ability to combine CMOS with 

15 bipolar processes in a single ("BiCMOS") process is extremely desirable for 
high performance circuits. For example. CMOS transistors are inherently 
low power devices with large noise margins that can achieve a high packing 
density. Meanwhile, bipolar transistors provide advantages in switching 
speed and cunent drive. Bipolar transistors are also characterized by high 

20 transconduclance which is well suited for driving capacitive loads. 

One of the difficulties presented in integrating an MOS device with a 
bipolar device in the same circuit is that the fabrication steps required to form 
each of the separate devices often differ radically. That Is, the steps used to 
fabricate a bipolar device are vastly different from the steps required to 

25 fabricate a CMOS or an MOS device. As a resuh, conventional processes 
are often lengthy end complicated, using a large number of masking 
operations and numerous thermal cycles. 

Another basic limitation to prior an processes has to do with the 
nature of optical lithography and its afiect on the attainable circuit density. In 

30 the widely used technique of projection printing, an Image of the patterns on 
the mask is projected onto a resist coated wafer. Upon the exposure of an 
individual chip site the wafer is moved or stepped on an interferometrically 
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controlled XY table to the next site and the process is repealed. Using 
state-of-the-art optics, projection printing (also frequently referred to as 
dired-step-on-water or step-and-repeat) systems are capable of producing 
sub-micron resolutions. 
5 However, this high level of resolution does not come without a 

corresponding trade-off. The trade-off in this case is the limited depth of 
focus over which the image quality is maintained. For projection printing, the 
depth of the focus is approximated by the equation 

d. f. (depth of focus) . X/2 (NA)* 

1 0 where NA is the numerical aperture of the projection optics and X is the 

exposure wavelength. Thus, high resolution (very large numerical aperture) 
is achieved at the expense of a very shallow depth of focus. 

In other words, the ability to print a highly dense circuit layout, having 
minimal device sizes and structures, is especially dependant on the 

1 5 existence of a highly planar surface on which geometric shapes from a mask 
may be transferred. Unfortunately, the requirement of a highly planar 
surface is completely at odds with orthodox methods of forming a 
semiconductor circuit in a silicon substrate. 

Traditionally. In fabricating an integrated circuit the silicon substrate 

20 layer is first subject to oxidation. Openings are etched in the oxide, and 
then impurities are introduced or implanted into the substrate. Next, the 
silicon surface is either reoxidized or subjected to depositions of polysiBcon. 
CVD oxide, silicon nitride, etc. The result of these successive processing 
steps (e.g.. oxidation, etching, implantation, reoxidation) are large steps or 

25 incongruities running across the surface of the wafer. Obviously, over the 
course of the entire process these steps or incongruiiies lead to a 
non-unitorm. non-planar wafer surface. Consequently, the ability to maintain 
high image quality (due to the depth of focus problems described above) is 
substantially degraded in prior methods. 

30 One way in which practitioners have attempted to minimize this 

problem is to planarize the surface of the wafer by reflowing a boron- 
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phosphosilicate glass across the wafer surface prior to contact mask. The 
surface is then aggressively planar.zed using sophisticated etchants when 
the metalization steps are reached. Despite these attempts to repianarize 
the wafer surface in the back-end processing steps, the tack of planarization 
5 in the front-end processing steps (i.e., those steps leading up to the contact 
mask step) has already taken its toll on the devices. The inability to pattern 
compact and high-resolution device structures brings about low-density, 
low-performance circuits. Hence, past semiconductor processes, and 
particularly BiCMOS processes, have not been able to take full advantage of 

10 the high numerical aperture (i.e., resolution) which modem optical 
equipment can produce due to the depth of focus problem. The critical 
importance of maintaining planarization throughout each and every 
processing step is therefore appreciated. 

As will be seen, the presently invented BiCMOS process maintains an 

1 5 extremely high level of planarization throughout ati of the processing steps 
using a novel technique known as *waffelization\ When combined with a 
number of additional novel processing features (each of which is believed to 
be separately inventive in its own right) the disclosed BiCMOS process is 
capable of producing device dimensions and circuit densities well beyond 

20 the limits of the prior art. For example, using the presently invented process 
ft is possible to produce gate widths of 0.5 microns or less on MOS-type 
devices and emitter widths of roughly 0.2 microns for bipolar transistors. 
Consequently, it is contemplated that a 6-transistor memory cell may easily 
be fabricated within an area of about 3.0 x 4.8 microns - or a total 

25 dimension of approximately 14.4 square microns. This is about the size of a 
via contact opening jn many prior processes. 

In addition to achieving high circuit densities and high device 
performance through planarization of the wafer surface, the invented 
BiCMOS process is also characterized by its simplicity, reliability, hs 

30 self-aligning nature, and the overall design flexibility provided - both from 
a circuit design perspective as well as an applications specific viewpoint. 



Other prior art known to Applicant includes U. S. Patent 
No. 4,727,046 of Tuntasood et al.; U. S. Patent No. 4.B26.7B3 of Choi 
al.; and U. S. Patent No. 4.616.423 of Havemann. 



5 



SUMMARY OF THE INVENTION 

The present invention disclosed and claimed 
herein describes a process whereby MOS transistors and 
bipolar transistors are formed together in the same 
silicon substrate. 

According to the present invention there is 
provided in a process for fabricating an integrated 
circuit (IC) which includes a plurality of devices 
coupled together -by a system of metal interconnects, a 
method of forming said system above the surface of a 
semiconductor substrate comprising the steps of: 

(a) forming a plurality of conductive pedestals 
on said surface of said substrate, a first portion of 
said pedestals forming electrical contacts to said 
devices, said pedestals being formed to a predetermined 
height such that the top surface of said pedestals is 
higher than any feature of said substrate; 

(b) depositing a first layer of polyimide over 
said substrate to a thickness which is sufficient to 
cover said pedestals; 

(c) anisotropically etching said first polyimide 
layer until the upper surface of said first polyimide 
layer is roughly coplanar with said top surface of said 
pedestals; and 

(d) forming a first set of metal interconnect 
lines over said first polyimide layer, thereby 
electrically coupling selected ones of said pedestals. 
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BRIEF DESCRIPTION OP T HE BBAff WfiS 

The novel features believed characteristic ol the invention are set 
forth In the appended claims. The invention itself, however, as well as other 
5 features and advantages thereof, will be best understood by reference to the 
detailed description which follows, read In conjunction with the 
accompanying drawings, wherein: 

Figures 1A ft 1B are cross-sections of a semiconductor structure 
1 0 illustrating the starting wafer material and the separate regions for forming { 
NPN bipolar, n-channei field-effect, and p-channel field-effect transistors. 

Figures 2A & 2B are cross-sections following formation of an n+ 
buried layer. . 

i 

15 

Figures 3A I 3B are cross-sections following formation of an 
epitaxial layer. 

Figures 4A & 4B are cross-sections after formation of separate p 
20 and n-well regions. 

L 

Figures SA ft SB are cross-sections after formation of field 
oxidation regions. 1 

25 Figures 6A ft 6B are cross-sections after opening an area for the 

NPN bipolar base region. 

Figures 7A ft 7B are cross-sections following deposition of the first 
polysilicon layer. 

30 

Figures 8A ft 8B are cross-sections following gate etch. 
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Figures 9A & SB are cross-sections following implantations of n 
and p-type lightly doped regions, the bipolar base regions, and the well 
compensation implants. 

5 Figures i 0 A & 10B are cross-sections following oxide side wall 

spacer etch. 

» 

Figures 11A & lie are cross-seclions followin B planarization poly 
deposition. 

10 

Floures 12A & i 2B are cross-sections after planariration poly etch 

back. 



Figures 13A * 13B are cross-sections after isolation oxide 
1 5 regions have been formed. 

Figures 14A & KB are cross-sections illustrating source, drain, 
emitter, implants into the planarized poly regions. 



20 



Figures ISA 4 i 5B are cross-sections following source, drain and' 
emitter doping and drive-in. 



Figures 16A & 16B are cross-sections following opening of the 
gate contad regions. 

25 

Floures 17A I 17B are cross-sections after formation of cobalt 
sificide contact regions. 



Figures 18A * 18B are cross-sections following formation of 
30 poly/poly contacts. 
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Figures 19A & 19B are cross-sections following deposition and 
masking of titanium used for poly 2 silicide. 

Figures 20A & 20B are cross-sections after deposition of poly 2 
5 end the nitride top layer. 

Figures 21 A & 21 B are cross-sections after poly 2 mask. 

Figures 22A & 22B are cross-sections lollowinQ masking for 
10 pedestal contacts. 

Figures 23A & 23B are cross-sections following formation of 
pedestal contacts. 

15 Figures 24 A & 24 B are cross-sections following metal 1 mask. 

Figures 25A & 25B are cross-sections following formation of via 
pedestals. 

20 Figures 26A & 26B are cross-sections after formation of mBtal 2 

Interconnection regions. 
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DESCRIPTION PF THE PRFFFRRFD FM R nn. MFNTm 

A novel BiCMOS process for simultaneously forming bipolar 
iransistors and MOS transistors in the same semiconductor substrate is 
5 disclosed. In the following description, numerous specific details are set 
forth, such as specific conductivity types, dopants, thicknesses, etc.. in order 
to provide a more thorouDh understanding of the present invention. « will be 
obvious, however, to one skilled in the art that these specific details are not 
_ necessa7 to practice the present invention. In other instances, ether 
1 0 well-known processing steps and methods have not been shown in detail in 
, order to avoid unnecessarily obscuring the present invention. 

FORMATION OF THE ACTIVE REGIONS FOR THE BJTs AND 

MOSFETs 

15 Referring to Figures 1A & 1B. a cross-s«- starting 

semiconductor substrate 10 is shown. Subsi i 
orientation of <100> and has been doped will e impurity 

to a resistivity of approximately 1 0 ohm-centii <10u > is 

used because H provides the lowest possible : y . This is 

20 standard practice for MOS processing. Optionally, the back side of the water 
may be coated with a polysilicon layer as a means tor introducing 
dislocations into the crystalline structure - the dislocations acting as 
impurity trapping sites for heavy metals. 

Next, alignment marks are etched into the surface of the wafer using a 
25 reactive ion etch (RIE). These alignment marks are in the form of crosses, 
squares, etc.. and are used as an alignment reference for subsequent 
masking layers. The alignment marks are formed using an alignment mask 
aligned to the wafer in accordance with standard photolithographic 
techniques, (e.g.. depositing photoresist, masking the surface of the 
30 substrate, exposing the masked substrate to ultraviolet light, developing the 
photoresisl. etc.). Considering the high degree ol planarization achieved by 
fhe invented processes, reference alignment marks provide a simple and 
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easy method of maintaining mask registration throughout later processing 
steps. 

It should be understood that the alignment mask is an optional 
masking step in the presently invented process. Alternatively, visual 
5 alignment may be made to the implanted buried layer regions. However, 
since the surface of the wafer will be highly planarized throughout the entire 
process - making visual mask registration difficult - the inclusion of the 
alignment mask step is preferred. Furthermore, because of the contribution 
each oxide step has toward defeating plana riration. it is desirable to avoid 
1 0 generating a buried layer oxide boundary edge simply lor alignment 
purposes. 

With reference to Figures 2A & 2B. buried layer regions 12 and 13 
are formed using conventional ion implantation techniques. Antimony ions 
are implanted at an energy of approximately 180 KeV and at a dose of 
15 approximately 1.0 x io« atoms per square centimeter (atoms/cm*). 

Buried layer 13 forms the n* collector region for NPN bipolar transistor 20 
while buried layer region 12 forms an n* doped region under 
p-channel transistor 40. 

Following the antimony ion implantation, a p-type epitaxial layer 15 is 
20 deposited over the surface of the wafer as shown in Figures 3A & 3B. 

Epitaxial layer 15 is approximately 2 microns thick and is doped p-type to a 
concentration of about 1.0 x 10" atoms/cm3. Layer 15 is formed by 
exposing the wafers to a dichlorosilane (SiH 2 CI 2 ) gas at approximately 
1050" C. The antimony ions in buried layer regions 12 and 13 are 
25 subsequent driven (i.e.. diffused) downward into p-subslrate 1 0 and 
upward into epitaxial layer 15 at a temperature of about 1 100° C. lor 
approximately five hours in an atmosphere consisting of N 2 + 5% 0 2 . The 
drive-in cycle helps to repair damage done to the substrate surface during 
Ion implantation. 

30 Next, an n-well mask is employed to mask off those regions of 

epitaxial layer 15 which will subsequently become p-well regions. The 
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exposed areas of epitaxial layer 15 are then subjected to a phosphorous 
Ion implant at an energy of 180 KeV and a dose of 2.5 X 10" atoms/em* 
After this implant, epitaxial layer 15 is divided into separate n-well and 
p-well repions as shown in Figures 4A & 4B. 
5 tn Fi B ures 4A a AB. n-well region 23 is utilized in the formaiion of 

p-channel field-effect transistor (FET) 40. P-well region 21 fumishes the 
proper conductivity type reoion for the formation of n-channel FET 30. 
N-well region 22 is similarly utilized in the formation of NPN bipolar junction 
-Iransisior (BJT) 20. 

1 0 Referring to Figures 5A & 5B. another high-energy implant is 

employed to form the collector plug region 25. which functions as a low 
resistance vertical contact down to the underlying n* buried layer region 13. 
As mentioned earlier, buried layer region 13 eventually forms the collector 
Of NPN transistor 20. After appropriate masking, phosphorous ions are 
1 5 implanted at an energy of 180 KeV and a dose of 1.0 x 10« atoms/cm?. The 
collector drive and n-well drive are performed simultaneously at 1 10D' C. for 
approximately six hours in an almosphere comprising N 2 ♦ 5% Or The N 2 ♦ 
5% 0 2 gas helps to establish an equilibrium between nidation and 
oxidation of the surface of the wafer. This prevents excessive nidation 0 f 
20 the wafer surface which is usually undesirable. 

Following the collector plug end n-well drive cycles, a thin 
(approximately 25 0 A> pad silicon dioxide layer is grown across the entire 
surface of the wafer. This pad oxide is grown in a furnace at 
900- Celsius (C, tor fifteen minutes using an oxygen gas flow. A standard 
25 s.hcon nitride deposition using gas phase, low pressure chemical vapor 
deposition (LPCVD, techniques follows growth of the pad oxide. This silicon 
nitride layer acts as a mask ,ayer during formation ol the r.eW oxide regions 
Growing a pad oxide beneath the nitride layer markedly reduces stress 
Induced dislocations in the undertying silicon substrate. (Note that the pad 
30 oxide is no, shown in the Figures because o, the reta.iv. thinness of that 
layer.) 
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The B rowlh of the field oxide (FOX) regions are performed using ,he 
well-known processing method known as recess oxidation (ROX). In the 
recess oxidation method a thick field oxide layer is first grown thermally in 
the patterned FOX regions. Due to the fact that thermally grown oxide takes 
5 up more volume than does single crystalline silicon, there Is a substantial 
volume of silicon dioxide which grows above the planar surface of the 
substrate. This elevated portion of the silicon dioxide is subsequently 
etched isotropically to produce a recessed surface across the water. After 
-etching the wafer surface is again oxidized, resuhing in a nearly planar 
1 0 surface. Active regions for the devices are defined by the FOX regions at 
this point in the process. 

Normally, field oxidation produces what is commonly referred to as 
birds'-head or birds- t beak features. These formations consist of an oxide 
bump (birds'-head) along with a lateral growth of oxide (birds'-beak) at the 
1 5 silicon nitride boundaries. The length of the birds'-beak is proportional to 
the thickness of the field oxide layer. Typically, lateral oxide penetration Is 
between one-hait and one times the field oxide thickness. The birds'-beak 
phenomena sets a fundamental limit on the pitch of the active region; that is. 
how close active layers can be placed adjacent to one another. 
20 In the presently invented process, field oxide regions are defined 

using a high resolution active layer mask which opens selected areas in the 
silicon nitride layer. The nitride is etched anisotropic using a reactive ion 
*tch.(R,E). A first field oxide layer is then grown in these openings at 900'C 
in steam to form a 2000* oxide film. This first field oxide film is then dipped 
25 offinalO:1solulionofhydrogenf.uoride(HF) 4 B%andw a ier. Asecond 
field oxide layer is then grown at 900- C in steam to form an approximately 
1000-2000A field oxide layer 28 as shown in Figures 5A 4 5B. 

Because the field oxide thickness in the invented process is relatively 
thin when compared to prior ar, methods, the penetration of the birds'-beak 
30 into the active layer regions is markedly reduced. By way of example, active 
layer spacing is on the order of 1.0 microns. Previously, attempts ,o reduce 
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the thickness of the field oxide region were avoided since a thin field oxide 
generally corresponds to a high coupling capacitance between the substrate 
and the overlying metal interconnects. The reason why a relatively thin field 
oxide is tolerated in the presently invented process is because the 
5 interconnection layers are not in contact with, nor in close proximity to. the 
substrate surface. This aspect of the present invention will be described 
later. 

fn addition, because field plate isolation is used in the presently 
' invented BiCMOS process, the surface potential is easily controlled. Also. 
1 0 use ol field plate isolation and thin field oxide contributes greatly to the 
radiation hardness ol the circuit. This is of critical importance in certain 
military applications. Figures 5A ft 5B show field oxidation regions 28 after 
the silicon nitride masking layer has been removed. 

Yet another advantage of using a thin field oxide is that by choosing a 
1 5 silicon nitride mask layer thickness carefully, the field threshold adjustment 
implant can penetrate through the field oxide after H is grown, as well as the 
silicon nitride layer. In this way. a single implant may be utilized to provide 
correct V T lor the transistors while simultaneously providing the proper field 
threshold level. 

20 When used in this manner, the silicon nitride acts as a sort of 

decelerating or breaking layer - setting a shallow depth for the implant 
dose in the transistor active regions. Optionally, the silicon nitride layer can 
be removed prior to the field implant, possibly resulting in significantly higher 
channel mobilities due to the deeper implant. Higher channel mobility 

25 translates into bener transistor performance due to the corresponding 
reduction in impurity scattering. 

The ability to perform transistor threshold and field implants 
simultaneously also provides great flexibility in selecting device types. For 
example, if boron is implanted in an n-channel device an enhancement- 

30 mode n-channel MOSFET having a threshold of approximately 0.5 volts is 
produced. On the other hand. If this implant is left out of the active regions 



BNSDOCID:<GB .2270419A..I > 



- 14 



(by appropriate masking, then a natura. device (i.e.. approximately o vol, 
Vt) resuKs. Furthermore, i, the p-type enhancement-mode device implant is 
d-rected into the n-channe. transistors, a -0.5 volt V T depletion mode device 
is created. 

5 Moreover, a sing.e masking^, process step ^ ^ ^ ^ 

chanoe the characteristics of selected field-eftect devices from 
enhancement-mode. to dep.etion-mode. or to zero threshold type devices 
Because of the symmetry be.ween n-channe. and p-channe. devices each 
.nd,vidua. transistor is available in all three types. This resuhs in a 
10 substantia, savings in masking steps and allows interesting device type 
combinations. By way of exampte. H might be desired to produce a NAND 
gate which uses an enhancement-mode .ower device and a zero threshed 
upper device. 

ten imp.anta.ion is a most va.uab.e too. for controlling threshold 
15 vohage. Very precise quantities and purities can be introduced making ft 
pcss.b.e to maintain extreme* dose control of V T . For Instance, where 
boron is implanted through a gate oxide for a p-channe. device the 
negative* charged boron acceptors serve to reduce the effects of the 
positive surface state charge. As a resutt. V T becomes .ess negative 
20 Simaany. a $ha(lDW boron |mp|an , jnto lhe p ^ 8ubstra(e ^ an 

Uansistor can make V T positive - as required for ncement ^ 

The capabiiity. 8S described above, of atlowing enhancement, depietion 
and zero threshold type devices to be incorporated on the same chip using a 
s,ng,e implant therefore provides many advantages to the integrated circuit 
25 designer. 

r t ,o *• ^ * *•» - .„ 

Following ,N S imp,,™. „ ^ „, „„„ ^ ^ ^ ■ 
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MM an* ,»„ „ ^ MM , „ flipMd ^ 

solution of waler and HF. 

5 FORMATION OF THE GATE DIELECTRIC 

A, this poin, in the process we are ready to form the 0 a,e oxide for the 
n-channe, and p-channe. FETs. After the pad oxide etch there can exist 
residua, nitride films around the birds'-bea, repions. These residua, film, 
can suppress sut>seo.uen, oxidation resuHinp in a thinner gate oxide in these 

o*,de layer of approximately 200 A is grown in a furnace a, 900- C in an 
atmosphere o. 87% argon, t OV. 0 2 and 3% HCL fmmediale.y afterwards this 
first gate oxide Is dipped off in a 100, section of HF. This extra growth and 
e«ch,ng step insures comp.e.e removal of residua, nitride films. The second 
15 ^^^•^.ctua.ga.eoxideusedinthede^isalsogrownlna 

-de. Th,s second ga,e oxide .ayer is care,u„y grown ,o a thickness of 
approximately 100A. 

A«.r ft. „.,. Mide tas bM „ tem)ed se|K|M reotas ^ 

•f, °* *~ NP " ~ "> — « «— — - -a.*, 

coma* are (Mn « b „ « w spinning . „„, „ pholo „„„ „„, 
0«.. « B ,. topI „ 0 lh . pto0 , MB , lcf . no ( ^ h ^ 

r o ! s r T- M " SScon - * , ~ has *" "«* - * 

NMOS transistor processes. 

Com***, b.=, us . in. „,„,„„,, B „, M0S 
a ».,. a*. whfch „ m „ 
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thin (approximately 500A) layer of amorphous polysificon which covers all of 
the gate oxide previously grown. This thin layer of polysilicon acts 10 cap the 
very thin gate oxide prior to the formation of the buried contacts. 

H is significant that this first protective polysificon layer is amorphous 
5 In structure. By its nature, amorphous polysilicon is highly smooth and 
contains no embedded grain structure. In contrast, ordinary polysilicon 
(grown at a higher temperature) is generally much rougher and more 
granular than amorphous polysilicon. When ordinary polysilicon is reactive 
ion etched down to the single crystalline silicon substrate the grain structure 
10 of the polysilicon can become Imprinted into the substrate surface. This 
causes considerable damage to the underlying crystal lattice and can 
diminish device performance, particularly in bipolar junction transistors. 

Figures 6A & 6B show cross-sections in which the protective 
polysilicon layer 26 is opened in base contact region 27 using 
1 5 conventional masking techniques. The base contact regions of layer 26 are 
first etched using a reactive ion etch and then the underlying gale oxide is 
dipped off in a 100:1 solution of water and HF. (Note that in Figures 6A & 
6B the underlying gale oxide layer is not shown due to its relative thinness 
when compared with other layers). The opening over region 27 is utilized 
20 to later form buried base contacts for BJT 20. 

An important feature of the invented process is that both n-type and 
p-type buried contacts are available. This is in contrast with standard MOS 
processes where all of the polysilicon is typically doped n-type so that buried 
contacts to p-channel FETs or p-type BJT base regions are generally not 
25 available. II an attempt were made to form buried contacts to a p-type 
substrate using n-type polysilicon the n-type dopant from the polysilicon 
would diffuse down and form a PN junction with the underlying p-type 
material. In the presently inverted process, p-type polysificon is used in 
p-type channel FETs and an n-type poVsilicon is utilized on n<hannel FETs. 
30 Hence, as will be described in more detail below, symmetric buried contacts 
are available. 
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FORMATION OF FIRST LEVEL POLYSILICON MEMBERS 
After the buried contact regions have been opened, a second, much 
thicker, layer of polysilicon is deposited over the wafer. In the preferred 
5 embodiment, the second polysilicon deposition occurs in a furnace at 
580° C. This produces an amorphous layer which is approximately 2000A 
thick. Apain. it is important that the second polysilicon deposition be 
amorphous to maintain an extremely smooth and planar surface. 

In Figures 7A ft 7B. the amorphous second polysilicon layer is shown 
10 as layer 31. Note thai polysilicon Iayer3l completely covers field oxidation 
regions 26 as well as base contact region 27. It is understood, of course, 
that there is no gate oxide present in base region 27 underlying poly 
layer 31. As described above, this oxide was removed in a previous 
processing step. But gate oxide does underlie poly layer 31 over the 
1 5 channel regions of n-channel FET 30 and p-channel FET 40. 

Following the deposition of poly layer 31 a high temperature TEOS 
(tetra-ethyl-ortho-silicon) oxide 32 is deposited over the surface of poly 
layer 31. Reoxidation of poy layer 31 is avoided to prevent recrystalization 
of poly layer 31. A reoxidation cycle might also destroy the amorphous 
20 nature of layer 31 and form asperities therein. 

Note elso that in Figures 7A ft 7B. poly layer 31 is Illustrated as a 
uniformly planar surface tor ease of representation. Actually, there exists a 
physical step over each of the buried contact regions. The height of the step 
being equal to the thickness of the protective poly layer 26 (see Figures 6A 
25 ft 6B) plus (he thickness of the gate oxide. The sum of the gate oxide and 
poly layers, and therefore the height of the step, is about 500A. (For 
purposes of discussion, the surface of the wafer is considered planar 
whenever any step or feature Is 1000A or less in height.) 

Referring now to Figures 8A ft SB, next in the sequence of steps is 
30 the polysilicon gate etch. To perform the gate elch an exiremely high 

resolution masking layer is aliened back to the active layer of the devices. A 
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reactive ion etch of oxide .ayer 32 is followed by a second reacive ion e,ch 
wh,ch aniso,ropica..y etches the undergo pol yS i, ic on layer. By using a 
highly selective etchan, the anisotropic etch ot the po.ysihccn stops on the 
thin gate oxide. 

5 Recall that where emitters are to be formed there is no existing gate 

ex,de to slop on. Over etching in these regions is potentially hazardous to 
the under.yin 0 crystal lattice. However, ., amorphous silicon is used as 
described above, no grain pattern is impressed into the substrate. Thus the 
• electnca. properties ot the emitter junction are maintained. Because of the 
1 0 use of amorphous po.ysi.icon. over etching in the emitter regions does no, 
have a deleterious effect on device performance. 

Following the poly gate etch, a slight oxidation of the exposed 
sidewall polysilicon „ periormed ApprDxirna|e(y ^ q{ ^ fc ^ 

on the po.y in the siiicon in a furnace a, boo-C in a .team atmosphere 
15 Oxidizing the poly gate sidewa,.s he.ps to marginally reduce the gate width 
while fully insulating each of the po.ysi.icon members. tt also creates a 
minute birds'-beak a, the si.icon interface which reduces the e.eclric field 
density near the polysilicon edges and corners. Oxidation of the sidewalis 
also densities the lop oxide layer 32. 
*° A, this point in the process, gate 33 of p-channe. FET 40 has been 

defined along with gale 34 of n-channe. FET 30 and the extrinsic base 
contacts 35 of NPN bipolar transistor 20. Additional*, polysilicon 
members 36 have also been defined along the surface of fhe wafer The 
function of polysilicon members 36 will be exp,a.ned in more detai. .a.er 

Note tha, in Figures 8A 8 8B. uniform spaces 38 have been defined 
between each po,ysi,icon member. ,n the currency preferred embodiment 
spacings 3B are each about 0.5 microns in width. Maintaining a controlled 
and accurate polysificon spacing 38 across .he entirety of the wafer is of 
crucial importance to the goal of planafca.ion. When viewed from the 
30 wafers top, these uniform po.ysificon spacings 38 create a Vernal 
Pattern across the surface of the wafer. Hence, the origin of the term 
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surface of the wafer. As previously mentioned, defining equally-wide 
spaces 38 is the key concept to the invented planarization-by-watfelization 
scheme. 

Following the etch of the polysilicon surface which defines 
5 members 33-36, oxide sidewalls are formed on each of the polysilicon 
members. A high temperature TEOS oxide is deposited at 700* C to form a 
2000A thick oxide layer over the wafer. This oxide is then reactive ion 
etched until the source drain regions and emitter regions appear in the 
silicon surface. A slight reoxidation is then performed to protect the exposed 

10 silicon surface. 

Figures 9A & 9B show each of the polysilicon members 33-36 being 
insulated by silicon dioxide regions 57 following reactive ion etching to 
create openings in spaces 38 down to the substrate. Notice that a slight 
slope is etched on each ol the sidewall areas of oxide 57 between adjacent 

15 first polysilicon members. This slope helps to insure a uniform deposition of 
polysilicon in spaces 38. 

Given that the chief constraint for achieving planarization at this stage 
in the process is maintaining uniform spaces of polysilicon, a great variety of 
polysilicon patterns may be realized. For instance, the surface of the wafer 

20 may primarily consist of large (i.e., very wide) spaces 38 with small islands 
or strips of polysilicon separated throughout. Alternatively, the surface of the 
wafer may be very dense with polysilicon and employ only the minimum 
(e.g., 0.5 microns) space 38 permitted by the process design rules. Thus, a 
great deal of flexibility is inherent in the topological patterning of the poly 1 

25 material. 

FORMATION OF THE SOURCE/DRAIN REGIONS FOR FETs AND 
BASE/EMITTER REGIONS FOR BJTs 
Preferably, after the sidewall oxide regions 57 have been defined, 
30 formation of the source/drain regions for FETs 30 and 40 and base/emitter 
regions for BJT transistor 20 may proceed. Referring to Figures 10A &10B. 
p-type lightly-doped drain/source (P-LDD) regions 54 and 53 are first 



RNIRDnnin: <GB 2270419A I > 



- 21 - 

formed just below the surface of the substrate. The same mask used for the 
implantation of regions 54 and 53 is also used in forming the intrinsic base 
region lor BJT 20 and the well compensation regions 45 and 46 for 
p-channel FET 40. 

5 The P-LDD ♦ BJT base 4 well compensation mask aligns to the gate 

mask. Once openings in the photoresist are formed, a boron ion 
Implantation at an energy of 30 KeV and a dose of 1.0 k 10" atoms/em* 
produces lightly-doped regions 54 and 53 and intrinsic base region 50. 
The purpose of the lightly-doped implant is to enhance the reliability of each 
10 ot the FET devices. If heavily doped n* or p + regions are allowed near the 
gate oxide an extremely high electric field can result. The presence of a 
high electric field would enhance undesirable hot-electron effects in those 
transistors. Lightly-doping the source/drain regions near the substrate 
surface (S.e.. adjacent to the gate) substantially reduces the electric field 
1 5 strength. As a result, device degradation due to hot-electron generation is 
suppressed. (In the preferred embodiment, the junction depth of 
regions 53. 54 and 50 is approximately 1500A.) 

Note that the boron implant is made directly through the side wall 
portion of oxide layers? which surrounds gate member 33. The blocking 
20 effect that oxide 57 has on the implant helps to keep high concentrations of 
boron impurities away from the channel region. This also helps to reduce 
fhe vulnerability of the device to hot-electron effects. 

Alternatively, the P-LDD implant can be performed prior to forming the 
sidewall spacer oxide regions 57. However, if the implant is performed 
25 before the oxidation then the boron atoms tend to diffuse laterally under the 
gate. This has the undesirable effect of increasing overlap capacitance 
between the gate and the source/drain regions. 

Using the same masking step, a second boron ion implantation may 
be performed. In the preferred embodiment, this second implant is at an 
30 energy of f 00 KeV and a dose of 1.0 x 10" atoms/cm*. This high energy 
implant produces deep well compensation regions 45 and 4 6 in p-channel 
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FET 40. (II the same mask is used a well compensation region is also 
formed in BJT 20. This well compensation implant region is not shown in 
Figures 10A & 10B since it is not critical to ordinary device performance. Of 
course, the base of BJT 20 may be protected by e second mask layer prior 
lo the second boron ion implant to avoid forming a well compensation region 
in this device.) 

Because n-well region 23 is heavily-doped, there is a 
correspondingly high junction capacitance Cj associated with FET 40. 
While it is desirable to have heavy doping in the deep channel region to 
reduce short channel effects of the device. It is equally desirable to reduce 
Cj. Including additional well compensation implant regions 45 and 4S 
significantly reduces (by a factor of approximately three) the FET junction 
capacitance C jt resulting in a higher speed, lower power circuit. Recognize 
that this well compensation implant costs no additional masks and is 
self.aligned with the source/drain regions. 

Next. N-LDD regions 51 and 52. and well compensation regions 47 
and 48 are tormed using a single mask step as described above for the 
P-LDD implants. The N-LDD ♦ well compensation mask aligns lo gate 34. 
A phosphorous ion implant follows at 60 KeV and a dose of 
1x10" atoms/cm* to form regions 51 and 52. This is followed by 
another phosphorous ion implant at 180 KeV with a dose of 
1.0 x 1013 atoms/cm* to form well compensation regions 47 and 48. As 
mentioned, lightly-doped regions 51 and 52 help to reduce hot-electron 
eHects in n-channel FET 30. At the same time, well compensation 
regions 47 and 48 reduce junction area capacitance. 

With reference to Figures 11 A & 11B. after the N-LDD and well 
compensation implants have been performed, source, drain, emitter (SDE) 
polysilicon layer 58 is deposited isotropically over the surface of the wafer 
in a furnace at 5BD» C. This is the polysilicon which fills all of the 
spaces 38 across the wafer. Once again. SDE poly 58 is an amorphous 
poly layer and is deposited lo a thickness of approximately 10.000A. 
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Because SDE poly 58 is deposited isotropically. an absolutely uniform 

deposition takes place on all sides ot oxide 57 and above silicon substrate. 

Unitorm deposition rates as well as uniform spacing between polysilicon 

members insures that previously vacant spaces 38 are filled isotropicatly. 
5 In other words, if the spaces 38 between polysilicon members were 

nonunitormal or varied in width, then certain regions (narrower spaces) 

would fill quicker resulting in a nonplanar surface. 

After a sufficient thickness of SDE poly 58 is deposited to insure 

planari2ation. H is anisotropically (vertically) etched back. This reactive ion 
1 0 etch of SDE poly 56 continues until the tops of the gates art cleared of 

polysilicon as is shown in Figures 12A & t2B. At this stage of the process, 

SDE poly 58 fills all of the spaces 38 between polysilicon members 33-36. 

Eventually, SDE poly members 58 will be used to produce the sources. 

drains, and emitters ot the transistors in addition to forming an interconnect 
1 5 layer for the completed circuit. As is clearly seen in Figures 12A & 12B. 

following etch back of SDE poly layer 58 the surface of the wafer is entirely 

replanarized. 

Unfortunately at this point, all of the devices are electrically shorted 
together. Logically then, the next processing step involves electrically 

20 isolating each of the devices 20. 30 and 40. To isolate the devices, a 
LPCVD nitride layer is first deposited over the entire surface of the wafer. 
Selected areas of the nitride layer are opened using a conventional mask 
step and portions of the SDE polysilicon are etched down to the underlying 
field oxide. Nitride protects the tops of all other devices. The etch of the 

25 SDE polysilicon is both anisotropic and isotropic so as to guarantee clearing 
all of the polysilicon out of the cavities. 

A high temperature TEOS oxide is then deposited at 700" C to a 
thickness of approximately f 0.000A. This TEOS oxide is deposited 
isotropicaily and fills in the uniform spaces similarly to the SDE poly 

30 deposition » again utilizing waffefization to achieve planarization. The 
TEOS oxide forms the isolation regions 60 and 6f as illustrated in 
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Figures 13A & 13B. Recognize that isolation region 61 isolates bipolar t 
transistor 20 from n-channel FET 30 while isolation region 60 isolates 
p-channel FET 40 from n-channel FET 30 after the oxide is RIE etched to 
clear the oxide above the nitride. The underlying nitride layer is then etched 
5 off leaving the structure shown in Figures 13A & 13B. 

The next masking step opens the source, drain and gate regions of 
n-channel FET 30. All three regions are then implanted with a phosphorous 
ion implant at 180 KeV with a dose of approximately 
3.0 x 10 1 * atoms/cm 2 . This phosphorous ion implant is depicted in 

10 Figures 14A & 14B by the arrows 41. Phosphorous is deliberately chosen 
as the n+ type dopant because of Its high diffusivity, i.e., Hs ability to rapidly 
distribute atoms throughout the polysilicon members. Other SDE polysilicon 
members such as members 76 and 79 which could be used as an 
interconnect layer - may also be doped n-type using implant 41. 

15 Once n-channel FET 30 has been implanted with phosphorous, 

i 

another mask is applied to the wafer to open the area over p-channel 
FET 40. This p* implant mask also opens up the base areas of BJT 20 

t 

while simultaneously protecting the emitters. Boron, having a relatively high 

diffusivity, is implanted at 100 KeV and a dose of 3.0 x 10 15 atoms/cm 2 . r 

20 This p4 implant, shown in Figures 14A & 14B by arrows 42, dopes 

polysilicon members 68, 33, 69. and 35 (forming the source, gate and drain 
polysilicon members of p-FET 40 and polysilicon base member 35 of 
BJT 20. respectively) heavily p-type. 

An emitter implant follows the p4 implant and is performed in the 

25 same manner as described above. The emitter implant mask exposes the 
emitter polysilicon member 67 of BJT 20. An arsenic ion implant is then 
done at 1B0 KeV with a dose of 3.0 x 10 1 * atoms/cm 2 . Of course, the 
energy of the arsenic implant may be adjusted downward. If necessary, to 
avoid implanting arsenic ions into the intrinsic base region 50. The emitter 

30 implant is shown in Figures 14A & 14B by arrows 43. 

Note that in addition to opening up emitter regions the emitter implant 
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mask also may be used to open up areas over .hose polysilicon members 
which could become interconnection layers (e.g.. mambers 78 and 79). In 
this situation, members 76 and 79 ere subjected to the emitter implant in 
addition to the n* implant used tor dopin Q n-FET 30. Yet another option is 
5 to dope regions 78 and 79 solely by means of implant 41. 

Once the implant sequence 41-43 has been completed, a thermal 
anneal at 950* C in an N 2 atmosphere lor $o minutes is performed. This 
anneal Is what actually forms the transistor junctions in the silicon substrate. 
' Dunne the anneal, the previously implanted dopant diffuses from the 
10 overlying p 0 |y S i,icon members down into the substrate. In other words, each 
of the SDE polysilicon members funclions as a separate diffusion 
source - introducing impurities into the underlying substrate to form 
source, drain, emitter and extrinsic base regions of the respective transistors. 
This is contra* to conventional methods which rely on either direct ion 
implantation or direct diffusion from a gaseous Impurity sourca. The present 
method of utilizing doped polysilicon as a diffusion source provides much 
better conirol of diffusion rates and junction depth. Tha actual junctions 
formed by this method are characterized as being extremely shallow 
(necessary for very small device structures) and of a vary high quality 
20 (resulting in a low leakage transistors). 

Diffusion from a polysilicon source also provides a novel way to form 
submicron polysilicon bipolar amitters. As polysilicon emitters provide 
superior performance in bipolar transistors, this simple doping method is a 
very valuable processing feature. This is particularly so in the case in a 
BiCMOS process where submicron polysilicon emitters and very shallow 
FET junctions are formed simultaneously. Simultaneous diffusion of n-type 
and p-type dopants into the substrate to form device junctions saves a 
considerable number of processing steps and obviates the need to subjecl 
the wafer to additional heat cycles. 

Although the preferred embodiment described above relies on 
implanting the SDE polysilicon which resides above the source/drain and 
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emitter regions using separate masks, ft is to be understood that alternative 
ways of doping the polysilicon members are possible. For instance, the 
SDE polysilicon may be doped using standard diffusion lechniques. in any 
case, alternative doping lechniques are considered to be within the spirit 
5 and scope of the present invention. 

Figures 15A & 15B illustrate a cross section of the wafer following the 
drive-in (i.e.. anneal) of the source/drain, base and emitter regions of 
FETs 30 and 40 and BJT 20. In detailed summary, source/drain 
-regions 73 and 74 of p-channel FET 40 are formed by diffusion of boron 
1 0 from doped polysilicon members 68 and 69; source/drain regions 75 and 
76 of n-channel FET 30 are formed by diffusion of phosphorus from 
polysilicon members 65 and 66; extrinsic base region 81 is formed by 
diffusion of boron f,pm doped polysilicon base member 35; and emitter 
region 77 is formed by diffusion of arsenic from doped polysilicon 
1 5 member 67. In the currently preferred embodiment, the junction depth of 
regions 73-76 and 81 are on the order approximately 0.17 microns while 
the junction depth of emitter region 77 is approximately 0.1 micron. 
Incidentally, the width of emitter region 77 is approximately 0.2 microns in 
the preferred embodiment of the present invention. 
20 Thus, the single anneal performs two functions: First it distributes the 

impurities uniformly throughout the polysilicon members. Second. H diffuses 
those impurities into the silicon substrate to form hypershallow electrical 
junctions. (Note that in Figures ISA 4 1SB SDE polysilicon member 84 is 
shown having an associated n-type diffused region 82 directly below it in 
25 the sificon substrate. Diffusion region 82 extends down to collector plug 25 
to form a low resistance contact with buried layer 13. Although not 
discussed above. SDE polysilicon member 84 is doped n-type using either 
emitter implant 43 or n-channel FET implant 41). 

The invented BiCMOS process thus tar described provides several 
30 unique advantages over prior art processes. To begin with, the present 
Invention implements a novel and useful ptanaruation scheme by 
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conirellinp the spaces etched into & first layer of polysilicon (i.e., 
waffelization). across the entire surface of the wafer. Once the waffelized 
spaces have been etched, planarization is achieved by a second deposition 
of polysilicon (isotropic) followed by an unmasked anisotropic etch. This 
produces an ertremely high decree of planarizaiion which permits extremely 
small device structures and spacing to be formed. 

A second way that the invented BiCMOS process achieves narrow 
device spacing is by the method of using a thin field oxide to overcome the 
problem of extended birds" beak. The high couplino capacitance ~ which 
usually results from the use of thin field oxide - is overcome by the novel 
metal interconnect scheme which will be described shortly. 

Planariiation is also aided by Ihe use of amorphous pofysilicon, 
which is naturally very smooth and devoid of any grain structure. These 
propenies facilitate reactive ion etching, making it easier to etch accurate 
features. The use of amorphous polysilicon layer ~ lacking any grain 
structure « also avoids creating nonunitormities or asperities in the 
underlying crystal. This is of particular importance In the situation where the 
polysilicon layer is etched down to the emitter regions of the bipolar junction 
transistors. 

20 Another useful addendum to the Invented method of fabrication is the 

ability to add well compensation Implants into the process in a self-aligned 
manner at the same time thai lightly doped drain and bipolar base implants 
are performed. As has been described, no additional masking steps are 
needed for the wen compensation Implants. The effect of this implant 
however will be to reduce the FET junction capacitance by a factor of about 
three. 

Additionally, the presently invented BiCMOS process provides the 
availability of n-type and p-type FETs in enhancement, depletion or zero 
threshold types using only a single mask step and implant for each type of 
FET (i.e.. n-type or p-type). This provides great flexibility in circuit design 
while using a minimal number of mask steps. 
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Finally, a novel and useful way 1o form pofysilicon S0U rce/drain 
structures and a novel way lo term deep sub-micron polysilicon bipolar 
emitters has been described. SDE polysilicon is implanted with appropriate 
doping types and subsequently acts as a diffusion source to produce 
hypershallow junctions. Source, drain, extrinsic base and emitter regions 
are formed simultaneously using a single anneal step. The resulting 
junction depths are highly controlled and provide superior transistor 
performance. In addition, SDE polysilicon may also used as a tew 
resistance interconnect layer. 

Overall, the combination of each of the above-described novel 
features in the invented BiCMOS process results in device structures and 
densities which are superior to those produced by prior art processes. At 
this stage, any of several methods may be employed to complete the circuit 
structure. However, as will be discussed in detail, the present invention 
includes additional novel features which also contribute to enhanced device 
performance, reliability and layout density. 

FORMATION OF THE DEVICE CONTACTS 
Referring now to Figures 16A & 16B. a poly 1 gate contact mask is 
utilized to create opening 86 over gate member 33 of p-channel FET 40. 
This mask provides one means of access to the poly 1 (SDE poly, gate 
members, base contacts, poly interconnects and dummy polysilicon) level of 
the device structure. The approximate dimension of opening 86 is 
0.5 microns in the preferred embodiment. 

A salient feature of the invented process is the capability of having 
gale contacts overlap isolation or oxide regions without compromising the 
electrical integrity of the circuit. The only requirement wilh respect to gate 
contacts is that the gate contact opening 86 must not overlap any SDE 
poysilicon regions (e.g., 68. 69, etc.) since the result would be an unwanted 
electrical connection. The capacity to be able to provide a gate contact to 
poly 1 which can overlap oxide and isolation regions is extremely desirable. 
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Overlapping gale contacts in this manner greatly improves the overa.1 
density ot integrated circuit layouts. (Note that in Figures ISA 4 16B the 
dimension of opening 86 is not shown to scale lor lucrative purposes., 
After gate contact regions 86 have been opened, the walerts 
5 subjected to an HF dip to clear any remaining oxide from the tops of the SDE 
polysilicon members (e.g., members 65-69). Cobalt is then evaporated or 
sputtered over the entire surface of the wafer to a thickness ol approximately 
1 oooA. 

The choice of cobalt is central to the panicular meta.i»«ion scheme 
10 employed In this process. Once cobait silieide Is formed on the underlying 
polysilicon members it becomes impervious fo nearly all etchants The 
Physical properties ol cobalt siiicide make i, unusual .monp me,., eHicid.s 
since It forms no volatile halides - meaning, ol course, that reactive Ion or 
Plasma etchers will no, attack or destroy it. Cobalt siHeide Is a.so capabie of 
15 withstanding very high temperatures. This means that the poy 1 gate 
contacts do not need to be covered with a second po.ysi.icon layer (poly 2, 
«o protect them from poly 2 etch damage later in the process. Hence an 
appropriate choice of silieide (cobalt silieide in this case, leads fo a 
significant density improvement. This improvement is especially 
'0 pronounced in the case of memory cells. 

After the cobalt silieide has been formed using a rapid thermal 
anneal, the unreacted cobalt, i.e.. over oxide regions 57 and isolation 
regions 60 and 61, is stripped away. Recognire that Ihe cobaf, silieide 
lowers the sheet resistance of po.ysi.icon interconnect members (such as 
member 79, and provides a ,ow contact resistance to the other po.ysi.ieon 
-embers (e.g., 65-69,. This has .he salutary effect of spreading ,he current 
densl* up into the coban layer and away from the substrate iuncfions 

A hydrogen a..oy a, <00- C in forming g as (15% „ 2 , B5% ^ fe 
performed next ,o introduce hydrogen (H 2 , into the isotation regions of the 
crcu,,. Hydrogen is inten.ionally introduced to reduce the surface state 
charge density, O ss . Normally, in pnor art processes, this step is done very 
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late in the process. However, because ell of the regions defined up to this 
point will soon be encased in a nitride layer (which is impenetrable to H 2 ) 
the isolation oxide regions are loaded with hydrogen at this point in the 
process. 

Once the cobalt silicide layer regions have been defined, the devices 
may be tested parametrically to verify their functionality. Following 
paramelric testing, the entire surface of the wafer is encased in a layer of 
silicon nitride to a thickness of approximately lOOOA. With reference to 
• Figures 18A & 1BB. this layer of silicon nitride is shown as layer 89. 

Next, a poly 1/poly 2 contact mask is used to open holes in the 
nitride layer B9 where poly 2 will contact poly 1. Figures 18A & t8B show 
openings to source 65 and drain 66 of n-channel FET 30. gate 33 of 
p-channel FET 40. and poly 1 interconnect members 78 and 79. 
Obviously, these openings are by way of example end other connections or 
openings may be made to other poly 1 regions depending on the specific 
circuit design or layout. 

Another basic feature of the presently invented CMOS process is that 
the contact openings in nitride layer 89 are largely sell-aligned. In other 
words, the contact openings can actually overlap into other regions (e.g.. 
gates, isolation, oxide, etc.) since the reactive ion etch used to etch nitride 
will not etlack oxide or cobalt silicide. It should be recognized that had 
another type of silicide been used -- other than cobalt silicide - it could 
have been removed during reactive ion etching of nitride layer 89. 

FORMATION OF SECOND LAYER POLYSILICON RESISTORS 
AND INTERCONNECTS 
Following etching of nitride layer 89. a layer of titanium is patterned 
on the surface of the wafer using the well-known patterning technique of 
metal lift-off. Figures 19A 4 19B show the patterned titanium 90 which, in 
the preferred embodiment, is deposited to a thickness of approximately 
1000A. Titanium tayer 90 is used for low resistance poly 2 interconnect 
layers and also for low resistance contacts at the contact regions, or 
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endpoint terminals, of poly 2 resistors. 

Referrin B now to Figures 20A 4 20B. a second polysilicon layer 93 is 
deposited over the water tollowng the pattern^ of titanium layer 90. The 
deposition of polysilicon layer 93 occurs in a furnace at 580' C to a total 
thickness of approximately 2000A. As before, polysilicon layer 93 j S 
amorphous in structure in order to take advantage of the superior planar 
properties that amorphous polysilicon possesses. A tOOOA silicon nitride 
layer 94 is then deposited over top of layer 93 using LPCVD techniques. A 
rapid thermal anneal at 1000- C terms titanium disilicide fTi S i 2 , with those 
reoions of polysilicon layer 93 which contact titanium layer 90. Nitride 
layer 94 protects po.ysi.ioon layer 93 from possible contamination during 
exposure to subsequent processing steps. 

Once nitride layer 94 has been deposited a poly 2 mask is aliened 
to the poly 1/poly 2 contact regions. The poly 2 mask Is employed to 
define po.y 2 Interconnection layers as well as poly 2 resistors. Fotiowing 
patterning of the poly 2 mask, reactive ten etch is used to vertically etch 
down through nitride layer 94. poiy 2 layer 93. titanium disilicide layer 90 
and any underlying silicon nitride present In layer 89. The reactive ion etch 
however will not etch through cobalt silicide or exposed oxide. This allows a 
considerable margin tor misalignment in the poly 2 mask operation. 

Figures 2t A & 21B illustrate a cross-section of the wafer following the 
reactive ion etched used to etch poly 2 and the surrounding nitride layers. 
As is dearly seen, this etching step defines poly 2 resistor 95 and poly 2 
interconnect members 98 and 99. Recall that where poly 2 is used as an 
-nterconnec. (as in member 98, the bottom portion of the poly 2 iayer is 
completely siiicided to term a low resistance interconnection medium 
Conversely, where poly 2 is used as a resistive element (such as 
member 95, only the terminals or contact regions are siiicided. Accordmgly 
resistor 95 connects gate 33 with source polysilicon contact member 65 
In its undoped state. polysiKcon has an extremely high resistivity - on the 
order of io» ohms/square - versus about t ohm/square for comp.etely 
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siiicided polysilicon. 

A significant byproduct of the above-described method of denning 
poly 2 regions, is that It makes it possible to create titanium silicide lines 
which are much narrower than would normally be achievable using ordinary 
5 lithographic techniques (e.g.. 0.1 micron interconnection lines). The reason 
for this is that the titpnium interconnection lines in this process are first 
patterned and defined using a first mask layer (i.e.. titanium metal-lift-off 
mask), and then subsequently etched using a second mask {i.e.. poly 2 
mask). Taking advantage of the tact that mask alignment is considerably 
1 0 more accurate than the optical resolution tor a given mask layer, these two 
masking steps (along with the vertical reactive ion etch) can be used to 
define features having extremely narrow dimensions. In other words, this 
method provides a way of generating sub-micron. or sub-liihographic 
features by taking (he image defined by one mask and moving it to two 
1 5 masks. Therefore, although Figures 21A ft 21B show titanium silicide 
layers having dimensions defined by the lift-off pattern a single mask, it is 
appreciated that much narrower interconnection lines - on the order of 
tenths of microns - may also be achieved. 

After the poly 2 layer has been etched, another nitride layer is then 
20 deposited over the entire wafer to a thickness of approximately 1000A. In 
Figures 22A 4 22B this nitride layer is represented by layer 101. Silicon 
nitride layer 101 is used to envelop and protect all of the devices. 

Although at this point it appears that our goal of complete 
planarization has been defeated by the poly 2 deposition. It should be 
25 emphasized that the design rules in the preferred embodiment process 
prohibit direct contacts to polysilicon 2. Consequently, planarization 
actually remains intact since all contacts still reside In the same general 
- plane. Moreover, as will be seen, additional steps are taken in the Invented 
process to assure that planarization is re-established at every level of the 
30 metalization process. 



FORMATION OF THE AIR-BRIDGE METAL 
INTERCONNECTS 
In the remaining steps, a process to form a planarized. air-bridge 
interconnect system will be described. As a brief introduction, in this process 
5 an organic malerial (e.g.. polyimide) is used as a temporary interlayer 
dielectric. Pedestal contacts and pedestal vias are utilized along with etch 
back planarization techniques to achieve a highly planar multilayer 
metalizalion scheme. In the currently preferred embodiment this 
metalizalion scheme is implement with two layers of metal. It should be 
1 0 understood, however, that the process is not strictly limited in the number of 
layers which may be implemented. 

Referring to Figures 22A & 22B. a cross-section of the wafer is 
illustrated following the definition of the pedestal contact openings 97. 
Pedestal contact openings 97 are formed using conventional masking 
5 techniques to etch nitride layer tot In those areas where pedestal contacts 
will be placed. For example, pedestal contact openings are positioned over 
polysiCcon member 84. member 67 and isolation region 61. 

After the pedestal contacts have been formed, planarization is 
re-established at the next highest level using a method which is radicatly 
> different when compared to prior art techniques. In the prior art. oxide 
openings to the underlying substrate are usually filled with metal. The melal 
is deposited over all of the irregularities or steps present in the substrate 
surface. In contrast, pedestal contacts in the invented process protrude 
above the siUcon surface to a height which is above the highest irregularity 
in the unplanarized surface. 

Observe that in Figures 22A a 22B. the contact openings that are 
etched through nitride layer 101 are highly seff-aHgned. Once again 
because the reactive ion etch used to etch silicon nitride is impervious to 
oxide or cobalt si.icide. the contact openings , 0f the pedestals can extend 
over the bases and gates of devices. They can also extend over isolation 
rep-ons. This self-aligning contact scheme, by Hself. results in a fundamental 
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Improvement in overall circuit density. 

Contacts must normally be kept well away from gales and Held oxide 
regions to prevent either a gate or a field short. Generally, this rule results in 
a minimum transistor which consists of a tiny active region with the adjacent 
5 contacts being disposed in huge open areas around the periphery ot the 
transistor. Obviously this wastes a great deal of silicon area. Conversely, in 
the invented BiCMOS process contacts can have more than 50% of their 
total area residing over gate or field oxide regions. 

Referring now to Figures 23A & 23B. a metal lift-oft technique is used 
1 0 to define the pedestal contacts. Photoresist is first deposited over the wafer 
and then developed, exposing pedestal contact openings down to the 
substrate. A titanium layer 105 is then deposited to a thickness of IDOOA. 
This is followed by a platinum deposition to form layer 106 to a thickness of 
1000A. A gold layer 102 is then deposited to a thickness somewhere 
15 between 7000-1 0.ODOA. 

Gold is the main current carrying member ot the pedestal while 
platinum provides a barrier to prevent gold diffusion into the underlying 
substrate region. Titanium is included in the structure because of its low 
resistivity and its propensity to adhere to silicon. Because gold has one of 
20 the highest eledromigration resistance levels of all the metals, this pedestal 
contact structure - comprising titanium, platinum and gold - is one ot the 
most reliable metal contacts that may be produced in semiconductor . 
technology today. 

ft is appreciated that because of the relative height of each ot the 
25 pedestals (9000-1 2.000A). more than one layer of photoresist may need to 
be applied during the lift-off process. To make a thicker pedestal, a thicker 
photoresist layer is simply applied. Note also that tn Figures 23A & 23B. all 
ot the pedestals shown are illustrated as having the same dimension; that is. 
equal height and width. Although the pedestals are formed to the same 
height in this process, there is no requirement that any single pedestal be 
identical to any other pedestal in length and width. After the pedestals have 
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been defined, a 410< C alloy in forming B s S is performed. 

Once alloyed, a layer of poiy imide is £pun onlo |h§ wafef fincJ ^ ^ 
a temperature of 250° C. Well understood, potyimide is a pl a Sl ic materia, 
with great strength and a very high matting point. The surface tension 
5 created from spinning the wafer distributes the poiyimide uniformly across 
the wafer surface. Curing It at 250« C evaporates out the solvent 
components of the poiyimide and forms cross-linked bonds.. Bond formation 
is frequently referred to as 'imitation'. While curing at 250' C hardens the 
poiyimide. II does not fully imidi 2 e the poiyimide. as this would make the 
1 0 material virtually impossible to etch. 

After curing, the flat poiyimide layer has a thickness of approximately 
25.0O0A. This is sufficiently thick so that the underlying topology has 
practically no effect on the surface tension of the poiyimide. This insures a 
flat, planar upper surface. A reactive ion etch in 0 2 is then performed to 
1 5 anisotropics etch back the cured poiyimide until the tops of the 
pedestals 102 appear. 

When the tops of the pedestal contacls have been exposed, two 
layers of photoresist are applied over the surface of the wafer. This 
Photoresist film is then masked to define metal 1 interconnection patterns 
>-0 Metal t deposition then takes place. As with the pedestal contacts, a thin 
layer of titanium is first deposited. This titanium layer is shown in 
Figures 24A 4 2 4B as layer 107. Next, approximately tO.OOoA of gold is 
deposited as the main current carrier of the metal 1 interconnects 108 
incidentally, the thickness of the titanium layer is approximate* 100A while 
5 the gold may range anywhere from between 7000-10.000A thick in the 
preferred embodiment. The metal 1 fines 108 are once again defined 
using meta. fin-off. (Mote that in Figures 24A 4 24B. the poiyimide layeris 
not explicitly shown. Nevertheless, i, is understood to be co-ptanar with the 
bottom of titanium layer 107.) 
> Consider that in Figures 24A l 2AB. pedestal contact 102 are used 

« several different capacities. Firs, of all. pedestal contacts 102 provide 
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electrical connection to the underlying transistor structures. For example, 
emitter 77 of NPN bipolar transistor 20 is coupled directly to metal 1 using 
a pedestal contact 102. Similarly, the collector contact ot &JT 20 is also 
connected to metal 1 through a pedestal contact. 
5 Pedestals may also function as structural or physical support L 

members. Figures 24A & 24B show a pedestal contact positioned over 
isolation region 61. The sole function of this pedestal contact Is to provide v 
structural support to the overhead metal 1 interconnect fines. Support 
members are necessary for those applications in which the underlying 1 

10 polyimide is subsequently removed (for reasons to be discussed later). In a 

sense, the entire metal 1/metal 2 interconnection system is analogous to a v 
kind of microscopic electronic freeway system that carries current in metal 
lines suspended above the substrate surface. i 
The particular need to remove the underlying polyimide for certain 

1 5 applications gives rise to various design rule constraints. For instance, fn t 
the prelerred embodiment of the present invention, the metal 1 interconnect 
lines have a minimum width of 0.5 microns and a maximum width ot i 
2.0 microns. The maximum width constraint is necessary to allow the 
polyimide etchant to penetrate to the underlying polyimide. If metal 1 

20 interconnections had no width constraints. It is possible that polyimide 
underlying a wide area of metal 1 might not be effectively removed . The 
maximum metal 1 design rule constraint therefore necessitates the use of 
parallel strips of metal tor high power lines. 

The design rules in the currently preferred embodiment also restrict 

25 the maximum pedestal spacing to approximately 10 microns. Again, this 
rule is developed from the need to physically support the metal 1 
Interconnection lines. Pedestal contacts spaced greater than 10 microns 
apart create a risk of having metal 1 interconnect lines collapse onto the 
devices below. 

30 Referring now 1o Figures 25A & 25B. via pedestals 110 are shown 

formed on top of melal 1 lines 108. These via pedestals are formed using 
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the tame processing steps which were used Id construct both (he pedestal 
contacts 102 and metal interconnect lines 108. That is. the polyimide layer 
is first spun and cured onto the wafer, and then vertically etched exposing 
only the tops of the metal 1 interconnect lines. Then, using a two-layer 
photoresist metal lift-oH technique, a titanium layer 109 is first deposited 
followed by a gold deposition to form the via pedestals 110. The 
thicknesses ol layers 109 and 1 10 are approximately 100A and 
7000-1 0.O00A. respectively, ft should be understood that in each of the 
layers 1 05. 1 07 and 1 09. chrome or some ether similar metal, may be 
substituted for titanium ~ the purpose of these layers being only to provide 
improved adhesion for the overlying gold. 

After the lift-off process which defines via pedestals 110. another 
layer of polyimide is spun on the water, cured and then vertically etched 
back to expose the lops of via pedestals 110. Metal 2 interconnections are 
1 5 then formed in the same manner as has been described in connection with 
the metal 1 interconnection lines. 

Figures 26A & 26B show the completed metal interconnection 
system with titanium adhesion layer 1 1 1 directly below metal 2 
interconnect lines 112. One of the beneficial features of the presently 
20 invented interconnect structure is that vias can sH directly over device 
contacts. This is highly desirable for realizing high density circuits and is 
generally prohibited in conventional processes. 

Although it is not shown in any of the Figures, it is entirely possible to 
have a metal interconnection stack consisting of a pedestal contacl 102. a 
metal 1 layer 10S and a via pedestal 110 whose sole function is to provide 
physical and strvclural support tor the metal 2 Interconnection fines 112. 
Such a metal stack would have its pedestal contacl formed over oxide or 
Isolation regions and would not provide any electrical connection to the 
underlying layers (e.g.. substrate). 
30 To form bonding pads, a polyimide is spun and cured and 

subsequently etched back to the tops of the metal 2 inlerconnecl lines 112. 
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Titanium (approximately 100A) followed by gold (approximately 1000 A) is 
then deposited across the entire surface of the wafer to provide a plating 
base for the bonding pads. Next, the wafer is photolithographically masked 
to open the bonding pad locations. An electroplate of gold 25 microns thick 

5 is then deposited. This thickness of gold is preferred to accommodate tape 
automated bonding (TAB) following lift-off of the thick gold layer. 

Although this completes the integrated circuit, it remains highly 
capacitive since polyimide is still present between the metal 2/metal 
1/siiicon surface regions. For those applications which are not particularly 

1 0 sensitive to this type of capacitance, or are relatively immune to the 

hydroscopic properties of polyimide. another layer of protective polyimide 
could be spun and cured over the surface of the wafer tor mechanical 
protection. The water would then be sawn, broken, and packaged into a 
suitable plastic package. This would represent a low-cost, low-performance 

15 type of device. 

For higher performance devices, the water is placed back into a 
reactive ion etch (O2) until all of the polyimide not protected by metal (in a 
vertical direction) is etched out. Recall that a reactive ion etch is highly 
directional, i.e., anisotropic. Etching the polyimide in this way would allow 

20 opening of underlying polysilicon fuses. These fuses may be opened or 
blown energetically (e.g., laser) as required for the particular application. 
For example, redundant columns and memory cells often rely on the use of 
polysilicon fuses for interconnection. 

Of course, this requires careful mask design of the metal 1 and 

25 metal 2 mask layers so that polysilicon fuse locations are never covered by 
metal 1 or metal 2 interconnect. Once the fuses have been opened, 
another layer of potyimide may be spun and cured over the water for 
mechanical protection. The wafer may then be backlapped and sawed into 
individual die. At this stage, the die could be bonded into any type of 

30 appropriate package (e.g., DIP, teadless chip carrier, etc.) or directly into a 
printed circuit board. 
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Once bonded, an orygen asher elch (highly isotropic) is used to clear 
all of the polyimide from the die surface. The oxygen plasma ashers the 
polyimide (i.e., converts fl to gas) out from under the metal interconnect lines 
leaving them supported solely by their pedestals. This means that, each 
5 metal interconnect line is now completely suspended in space. This results 
in the lowest possible parasitic capacitance for improved device speed at 
lower power levels. 

As an alternative, an anisotropic etch may be used to remove the 
polyimide between the lines but not directly under them. This would result in 
0 a compromise structure wherein lateral coupling capacitance is reduced, but 
vertical coupling capacitance is not. Once the underlying polyimide is 
removed the part may be baked and encapsulated with a lid. 

Where air bridge interconnects are undesirable or unnecessary, 
another alternative exists. In this approach, after the polyimide has been 
5 removed the die or wafer Is coated with colloidal suspension of Teflon in 
water. This substance Is then dried and sintered to fuse the Teflon into a 
solid mass. The Teflon plus water mixture flows by capillary action into the 
spaces or voids left by the ashering process. After sintering it will appear as 
if it has simply replaced the polyimide between the metal lines. Because 
Teflon has one of the lower dielectric constants of any solid, the resulting 
structure will have minimum parasitic capacitance for a solid structure. This 
technique can also be performed using plasma techniques to deposit an 
appropriate fluorocarbDn polymer. Thus, other materials or polymers may 
be implemented using appropriate deposition processes. 



APPLICATIONS OF THE PRESENTLY INVENTED 
BICMOS PROCESS 

The use of an air-bridge interconnection system also opens up the 

possibility of many new and exciting applications in the semiconductor 

technology field. For instance, instead of backfilling the air spaces with 

Teflon or polyimide, an organic material such as a liquid crystal or a Kerr cell 
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material (e.g.. nitrobenzene) may be subsided. By tailoring the air bridges 
lo precise dimensions end backfilling with an organic material such as 
nitrobenzene, optical waveguide modulators may be created. Optical 
waveguide modulators are exceedingly useful for cenain communications 
5 applications. 

Cafetul selection of eleclrieal/oplieal materials can also produce 
phase shifts In various signals lo achieve Intensity modulalion. This would 
make It possible to build, by way of example, a 10.000 channel gigahertz 
speed optical modulator. Electro-optical semiconductor technology could 

1 0 result In devices wherein portions of a semiconductor circuit furnish 

Intelligence while other sections provide modulation or optical coupling to 
laser-based interconnections. Accordingly, the air bridge interconnection 
scheme of the presently invented BiCMOS process is extremely rich end 
diverse in its possibilities. 

1 5 In eddilion to organic materials, chemical or even biological materials 

may also be backfilled or implanted into the air bridge interconnect gaps to 
produce a heretofore unknown type of semiconductor device. For Instance, 
a biological material or tissue could be backfilled Into the air bridge voids as 
part of a biomedical device lo be Implanted into a biological organism. An 

20 appropriate tiller material could provide (he proper interface with the host 
organism, thereby eliminating or reducing the possibility of rejection, h is 
conceivable that such devices could find future application in heart 
pace-makers, kidney implants, brain Implants, and so on. 

25 Thus, a process for simultaneously fabricating MOS-type 

semiconductor devices and bipolar junction transistors on the same silicon 
substrate, has been described. 

The present application has been divided out of U.K. patent 
Application No. 9213519.3 (2256527), [derived from PCT/US91/00211] 
in which there is described and claimed a method of fabricating 
MOSFETs end RJTs in a substrate using a process of patterning 
a first conductive layer with equal spacings and providing a 
second conductive layer in the spacings. 
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CLAIMS 

1 ' In a process for fabricating an integrated 

circuit (IC) which includes a plurality of devices 
coupled together by a system of metal interconnects, a 
method of forming said system above the surface of a 
semiconductor substrate comprising the steps of: 

(a) forming a plurality of conductive pedestals 
on said surface of said substrate, a first portion of 
said pedestals forming electrical contacts to said 
devices, said pedestals being formed to a predetermined 
height such that the top surface of said pedestals is 
higher than any feature of said substrate; 

(b) depositing a first layer of polyimide over 
said substrate to a thickness which is sufficient to 
cover said pedestals; 

(c) anisotropically etching said first polyimide 
layer until the upper surface of said first polyimide 
layer is roughly coplanar with said top surface of said 
pedestals; and 

(d) forming a first set of metal interconnect 
lines over said first polyimide layer, thereby 
electrically coupling selected ones of said pedestals. 

2. The method as defined in claim 1, further 

comprising the steps of: 

(e) forming via contacts on said metal 
interconnect lines; 

(f) depositing a second layer of polyimide to 
completely cover said metal interconnect lines; 

(g) anisotropically etching said second 
polyimide layer until the upper surface of said second 
polyimide layer is roughly coplanar with the top surface 
of said metal lines; 
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(h) forming a second set of metal interconnect 
lines over said second polyimide layer, thereby 
electrically coupling selected ones of said via 
contacts . 

3. The method as defined in claim 2, including the 
additional step of removing said first and second 
polyimide layers to reduce parasitic coupling 
capacitance between said first and second set of 
interconnect lines and said substrate. 

4. The method as defined in claim 3, wherein a 
second portion of said pedestals solely function as 
physical support members for said first set of 
interconnect lines. 

5. The method as defined in claim 3, wherein said 
pedestal contacts, said metal interconnect lines, said 
via contacts and said second metal interconnect lines 
are formed using a metal lift-off technique. 

6. The method as defined in claim 4, wherein step 
(a) comprises the steps of: 

masking said substrate to define the lateral 
extent of each of said pedestals, said lateral extent 
being permitted to partially overlapping the base, date 
and/or isolation regions of said devices; 

depositing a layer of titanium; 

depositing a layer of platinum; 

depositing a layer of gold. 

7. The method as defined in claim 6, wherein said 
titanium, platinum and gold layers are approximately 
1000A, 1000A and 7000-10, OOoA thick, respectively. 
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8. The method as defined in claim 4, wherein said 
first and second set of metal interconnect lines each 
comprise a layer of gold deposited over a layer of 
titanium. 

9. The method as defined in claim 8, wherein said 
titanium layer is approximately 1000A thick and said 
gold layer is approximately 7000-10, 000A thick. 

10. The method as defined in claim 9, including the 
additional step of removing said first and second 
polyimide layers to reduce parasitic coupling 
capacitance between said first and second set of 
interconnect lines and said substrate. 

11. The method as defined in claim 2, wherein 
certain of said via contacts are formed over the device 
contacts of said IC 

12. The method as defined in claim 4, further 
comprising the step of backfilling the areas where said 
first polyimide layer has been removed with a 
fluorocarbon polymer acting as a dielectric. 

13. The method as defined in claim 12, wherein said 
fluorocarbon polymer comprises TEFLON™ material. 

14. The method as defined in claim 3, further 
comprising the step of backfilling the areas where said 
first and second polyimide layers has been removed with 
a fluorocarbon polymer acting as a dielectric. 

15. The method as defined in claim 14, wherein said 
fluorocarbon polymer comprises Teflon. 
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16. The method as defined in claim 3, further 
comprising the step of forming electro-optical 
modulators in at least a portion of the areas where said 
first polyimide layer has been removed by filling said 
areas with an organic material. 

17. The method as defined in claim 16, wherein said 
organic material comprises nitrobenzene. 

18. The method as defined in claim 3, further 
comprising the step of backfilling at least a portion of 
the areas where said first and second polyimide layers 
have been removed with a material suitable for 
electrically coupling said IC to biological tissue 
within an organism. 

19- In a process for fabricating an integrated 

circuit (IC) comprising a plurality of semiconductor 
devices formed in a silicon substrate, a method of 
forming planarized, air-bridge interconnects comprising 
the steps of: 

(a) forming pedestal contacts raised above from 
the surface of said substrate, said pedestal contacts 
having a thickness which allows the tops of said 
pedestal contacts to be either substantially co-planar 
with or higher than the highest feature of said IC, at 
least one of said pedestal contacts being electrically 
coupled to said devices; 

(b) depositing a first layer of polyimide over 
said IC to a thickness sufficient to cover said tops of 
said pedestal contacts; 

(c) vertically etching said first polyimide 
layer until the top surface of said first polyimide 
layer is approximately co-planar with said tops of said 
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pedestal contacts. 

(d) forming first metal interconnect lines 
electrically coupled to said pedestal contacts over said 
first polyimide layer; 

(e) forming via contacts on said first metal 
interconnect lines; 

(f) depositing a second layer of polyimide over 
said IC to a thickness sufficient to cover said via 
contacts; 

(g) vertically etching said second polyimide 
layer until the top surface of said second polyimide 
layer is approximately co-planar with the tops of said 
via contacts; 

(h) forming second metal interconnect lines 
electrically coupled to said via contacts over said 
second polyimide layer. 

20. The method as defined in claim 19, further 
comprising the step of ashering said first and second 
polyimide layers under said first and said second metal 
interconnect lines to leave voids thereunder, said first 
and second lines being supported only by said pedestal 
contacts and said via contacts. 

21. The method as defined in claim 20, further 
comprising the additional steps of: 

coating said IC with a colloidal suspension of 
Teflon to fill said voids; 

fusing said Teflon into a solid mass to form an 
interlayer dielectric between said first and second 
metal interconnect lines and said substrate. 

22. The method as defined in claim 21 , wherein said 
Teflon covers said second metal interconnect lines to 
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provide mechanical strength and contaminant protecti- 
for said IC. 
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